The taxonomic position of a Gram-staining-positive strain, designated strain S4702
The Black Sea is the world's most isolated sea, connected to the Oceans via the Mediterranean Sea through the Bosphorus, Dardanelles and Gibraltar straits and also is the largest water body containing hydrogen sulfide in the world. This is because it has an inflow of salty Mediterranean sea water in the deep layers and an inflow of river water on the top, so the sea is stratified. This has led to oxygen depletion in layers below 80-150 m and the buildup of hydrogen sulfide (Murray et al., 1995; Clement et al., 2009) . This leads to the formation of different microbial ecosystem, and makes the Black Sea an interesting habitat for studying actinobacterial biodiversity Veyisoglu et al., 2013; Veyisoglu & Sahin, 2014 , 2015 .
The members of the genus Streptomyces, first proposed by Waksman & Henrici (1943) , are a rich source of novel bioactive, commercially significant compounds such as antibiotics (Xiao et al., 2009; Goodfellow & Fiedler, 2010) . Although species of the genus Streptomyces are a predominant component of soil microbiotas across the world but they have also been isolated and defined from marine sediments (Streptomyces xinghaiensis Zhao et al., 2009 ; Streptomyces oceani Tian et al., 2012 ; Streptomyces pharmamarensis Carro et al., 2012 ; Streptomyces hoynatensis Veyisoglu & Sahin, 2014 ; Streptomyces chumphonensis; Phongsopitanun et al., 2014 ; Streptomyces klenkii Veyisoglu & Sahin, 2015) . In our research on culturable actinobacterial biodiversity of Black Sea deep sediment, a putatively novel strain of a member of the genus Streptomyces, S4702
T , was isolated. The present work was performed to study the taxonomic position of isolate S4702
T using a polyphasic approach.
S4702
T was isolated from a sediment sample collected by a dredge at a depth of 42 m, from the southern Black Sea coast, Samsun, Turkey, in August 2010 (GPS coordinates for the sampling site are 41
19.201¢ N and 036 25.489 157¢ E). The sample was processed by using the dilution-plating method. S4702
T was isolated on non-sporulating medium (20 g casamino acids, 20 g soluble starch, 4 g yeast-extract, 15 g agar, pH 7.2-7.4, per litre distilled water) (Sanglier et al., 1992) , supplemented with filter-sterilised rifampicin (5 µg ml
À1
) and nystatin (50 µg ml À1 ) incubated at 28 C for 30 days. The isolate was maintained on yeast extractmalt extract agar [International Streptomyces Project medium 2 (ISP 2); Shirling & Gottlieb, 1966] slopes at room temperature and stored in glycerol suspensions (20 %, v/v) at À20 and À80 C. Streptomyces marinus DSM 41968 T and Streptomyces abyssalis DSM 42024 T were obtained from DSMZ (German Collection of Microorganisms and Cell Cultures) and cultured under the same conditions for comparative testing. Biomass for the molecular systematic and chemotaxonomic studies was prepared by growing S4702 T in N-Z-amine broth (DSMZ Medium 554) under aerobic conditions in flasks on rotary shaker at 160 r.p.m. for 14 days at 28 C, and harvested by centrifugation then washed twice in distilled water. Biomass for the chemotaxonomic studies was freeze-dried and that for the molecular systematic work stored at À20˚C. The 16S rRNA gene of S4702
T was selectively amplified from purified genomic DNA by using the oligonucleotide primer pair UNI16S-L (5¢-ATTCTAGAGTTTGATCATGGCTTCA-3¢) and UNI16S-R (5¢-ATGGTACCGTGTGACGGGCGG-TGTTGTA-3¢) (Belduz et al., 2003) . PCR conditions were as described by Beffa et al. (1996) ; PCR products were cloned into pGEM-T easy vector systems and then 16S rRNA gene sequences were determined with a model 373A DNA sequencer (Applied Biosystems) by using the ABI PRISM cycle sequencing kit. The results of 16S rRNA gene sequencing were analyzed using the EzTaxon server (http:// www.eztaxon.org/) (Chun et al., 2007) . The 16S rRNA gene sequences of related taxa were obtained from EzTaxon-e server and edited by using the BioEdit program (Hall, 1999) and multiple alignments were performed with the CLUSTAL_X program (Thompson et al., 1997) . Phylogenetic trees were reconstructed with the neighbour-joining (Saitou & Nei, 1987) (Fig. 1) , maximum-parsimony (Kluge & Farris, 1969) and maximum-likelihood (Felsenstein, 1981) algorithms in MEGA 6.0 (Tamura et al., 2013) . Evolutionary distances were calculated using Kimura's two-parameter model (Kimura, 1980) . For maximum-parsimony analysis, the subtree-pruning-regrafting (SPR), and for maximumlikelihood analysis, the nearest-neighbor-interchange (NNI) heuristic algorithm was used for tree searching. All positions containing gaps and missing data were eliminated from the dataset (complete deletion option). Topologies of the resultant trees were evaluated by bootstrap analysis (Felsenstein, 1985) based on 1000 resamplings. DNA-DNA relatedness value was determined, in duplicate, between S4702
T and its most closely related phylogenetic neighbour, namely S. marinus DSM 41968 T , by the Identification Service at the Deutsche Sammlung von Microorganismen und Zelkulturen (DSMZ; Braunschweig, Germany). In each case DNA was isolated using a French pressure cell (Thermo Spectronic) and purified by chromatography on hydroxyapatite as described by Cashion et al. (1977) . DNA-DNA hybridization was carried out as described by De Ley et al. (1970) using the modifications described by Huss et al. (1983) on a model Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltier-thermostat-regulated 6Â6 multicell changer and a temperature controller fitted with an in situ temperature probe (Varian).
Comparison of the nearly complete 16S rRNA gene sequence of S4702
T (1400 nt) with corresponding sequences from other Streptomycetes clearly shows that it forms a distinct phyletic line in the 16S rRNA gene tree for members of the genus Streptomyces, a result supported by all the treemaking algorithms used and bootstrap values of 97, 98 and 96 %, respectively (Figs 1, S1 and S2, available in the online Supplementary Material). In the phylogenetic tree based on the neighbor-joining algorithm, S4702
T was most closely related to the type strain of S. marinus (DSM 41968 T ); the two strains shared a 16S rRNA gene sequence similarity of 97.8 %, a value which corresponds to 31 nucleotide differences at 1379 sites. The organism also shared relatively high 16S rRNA gene sequence similarity values with the other type strains of species of the genus Streptomyces shown in DNA-DNA relatedness values below 80 % have been recommended for the recognition of novel genomic species of the genus Streptomyces (Labeda, 1992) . DNA hybridization data showed that the isolate shared DNA-DNA relatedness value of 21±3.5 % with the type strain of S. marinus; this value is well below the 70 % cut-off point recommended for assigning bacterial strains to the same genomic species (Wayne et al., 1987) .
Diaminopimelic acid isomers and sugar analysis of wholecell hydrolysates were performed according to the procedures developed by Hasegawa et al. (1983) . Cellular fatty acids of S4702 T were extracted, methylated and separated by gas chromatography using a model 6890 N (Saitou & Nei, 1987) based on almost complete 16S rRNA gene sequences, showing the position of strain S4702
T amongst its phylogenetic neighbours. Asterisks (*) indicate branches of the tree that were also recovered using the maximum-likelihood (Felsenstein 1981) and maximum-parsimony (Kluge & Farris, 1969) tree-making algorithms. Kitasatospora nipponensis HKI 0315 T (AY442263) was used as an outgroup. Numbers at the nodes indicate the levels of bootstrap support (%); only values !50 % are shown. GenBank accession numbers are given in parentheses. Bar, 0.005 substitutions per site. instrument (Agilent Technologies), fitted with an autosampler and a 6783 injector, according to the standard protocol of the Sherlock Microbial Identification (MIDI) system (Sasser, 1990; K€ ampfer & Kroppenstedt, 1996) , the fatty acid methyl ester peaks were quantified using the TSBA 5.0 database. Polar lipid and respiratory ubiquinones analyses were carried out by the Identification Service of the Leibniz Institute DSMZ, Braunschweig, Germany. Polar lipid analysis was carried out according to the protocol of Minnikin et al. (1984) . Respiratory quinones were extracted from 100 mg of freeze dried cells using a technique based on the twostage method described by Tindall (1990a, b) Respiratory quinones were separated into their different classes (menaquinones and ubiquinones) by thin-layer chromatography on silica gel (Macherey-Nagel Art. NO. 805 023), using hexane/tert-butylmethylether (9 : 1 v/v) as solvent. UV absorbing bands corresponding to menaquinones or ubiquinones were removed from the plate and further analysed by HPLC. This step was carried out on a LDC Analytical HPLC system (Thermo Separation Products) fitted with a reversephase column (Macherey-Nagel, 2Â125 mm, 3 µm, RP18) using methanol as the eluant. Respiratory lipoquinones were detected at 269 nm. The DNA G+C content of the isolate was determined following the procedure of Gonzalez & Saiz-Jimenez (2005) . Genomic DNAs were extracted and purified using the method described by Marmur (1961) . Genomic DNA G+C contents were determined from the midpoint value (melting temperature, T m ) of the thermal denaturation profile (Mandel & Marmur, 1968 ) using a model Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltier-thermostat-regulated 6Â6 multicell changer and a temperature controller with in situ temperature probe (Varian). Thermal denaturation was performed with approximately 20 µg DNA ml À1 from each sample in 0.1Â SSC (1Â SSC is 0.15 M NaCl plus 0.015 M sodium citrate). Thermal conditions consisted of a ramp from 55 to 90 C at 0.5 C min on a Bio UV/VIS-spectrophotometer. Thermal melting curves for sample DNA were generated in triplicate. The DNA G+C content for S4702
T was calculated using linear regression analyses of T m against the G+C content of the standard DNA (i.e. E. coli K-12 DNA).
Chemotaxonomic analyses showed that the cell wall contained L,L-diaminopimelic acid, typical of cell wall type I (Lechevalier & Lechevalier, 1970) . Whole-cell hydrolysates contained glucose and ribose but no diagnostic whole-cell sugars. S4702
T was found to exhibit a quinone system with the predominant compound MK-9(H 8 ) (88 %), along with MK-9(H 6 ) (6 %), MK-9(H 2 ) (3 %), MK-10(H 8 ) (1 %) and traces of MK-9(H 4 ). Diphosphatidylglycerol and phosphatidylethanolamine were the predominant polar lipids. Phosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannoside were present in minor amounts (Fig.  S3) . The fatty acid profile of S4702
T was shown to contain major proportions (!10 %) of anteiso-C 15 : 0 (33.9 %), iso-C 16 : 0 (26.0 %), anteiso-C 17 : 0 (13.9 %) and iso-C 15 : 0 (10.6 %), minor proportions of iso-C 14 : 0 (6.1 %), iso-C 17 : 0 (4.1 %), C 16 : 0 (3.0 %) and trace amounts (<0.5 %) of a few other components (Table S1 ). The DNA G+C content of S4702 T was determined to be 72.5 mol%, which is within the range of 69-78 % of the members of the genus Streptomyces (Wright & Bibb, 1992) . All of these properties support the classification of the strain as representing a member of the genus Streptomyces (Williams et al., 1983; Manfio et al., 1995; K€ ampfer, 2012) .
A broad range of phenotypic tests were carried out on the isolate and the type strains of S. marinus (DSM 41968 T ), S. abyssalis (DSM 42024 T ) and S. haliclonae (DSM 41970 T ) using several standard methods. Temperature, pH and NaCl tolerances were determined using ISP 2 (pH 7.2) as the basal medium. Growth at different temperatures (4, 10, 20, 28, 37, 40, 45, 50 and 55 C) was determined after incubation for 14 days at pH 7.2, NaCl tolerances against 1-10 % NaCl (w/v) (at intervals of 1.0 % NaCl) at 28 C for 14 days and pH tolerance at pH 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0 and 12.0 at 28 C; KH 2 PO 4 /HCl, KH 2 PO 4 /K 2 HPO 4 and K 2 HPO 4 /NaOH buffer systems were used to maintain the pH values of the media. Established methods were followed to determine whether the strain degraded Tweens 20 and 40 (Nash & Krent, 1991) ; the remaining degradation tests were performed using methods described by Williams et al. (1983) . Carbon-source utilization was examined using ISP 9 (pH 7.2) medium (Shirling & Gottlieb, 1966) supplemented with a final concentration of 1 % (w/v) of the carbon sources. Utilization of amino acids as sole nitrogen sources was determined according to the protocol of Williams et al. (1983) using a final concentration of 0.1 % (w/v) of each nitrogen source. Antimicrobial activity of S4702 T for inhibiting the growth of 12 microorganisms, including Gram-staining-positive and Gram-staining-negative bacteria as well as fungi, was observed using an overlay technique according to the procedures described by Williams et al. (1983) . Spot-inoculated colonies on modified Bennett's agar plates were inverted over 2 ml chloroform for 40 min. Killed colonies were overlaid with 5-7 ml sloppy modified Bennett's broth inoculated with the test organisms. Zones of inhibition were scored as positive results after 24 h at 37 C.
In addition, cultural characteristic were investigated on Czapek's agar (Waksman, 1967) , ISP media 2-7 (Shirling & Gottlieb, 1966) , modified Bennett's agar (MBA; Jones, 1949) , nutrient agar (Waksman, 1961) and tryptic soy agar (TSA; Difco) following incubation at 28 C for 14 days. The Inter-Society Color Council-National Bureau of Standards (ISCC-NBS) colour charts were used to determine colony colours (Kelly, 1964 ). Spore motility was tested by light microscopic (DM500; Leica) observation of cells suspended in phosphate buffer (pH 7.0, 1 mM). Furthermore, the micromorphological properties of the strain were determined by examining gold-coated dehydrated specimens of a A. Veyisoglu and others 14-day culture grown on ISP 4 agar using a JSM 6060 instrument (JEOL).
The morphological observation of a 14-day-old culture of S4702 T grown on ISP 4 (inorganic salt starch) agar showed that its appearence was consistent with its classification as representing a member of the genus Streptomyces (K€ ampfer, 2012; Labeda et al., 2012) . S4702
T formed a branched light brown substrate mycelium and sparse light gray aerial hyphae which differentiated into spiral or retinaculumapertum (looped at the top) chains with smooth-surfaced spore on inorganic salt starch agar (Fig. 2) . The organism grew well on ISP 2, 3, 4, 5, MBA, TSA and nutrient agars, but grew moderately on ISP 6, 7 and Czapek's agars. The colours of the colonies varied from cream to light orangeyellow, reddish-brown diffusible pigments were observed on ISP 6 and ISP 7 agars (Table S2) . S4702
T was shown to grow at between pH 6 and 10, optimally between pH 7 and 8 and at 28-37 C, optimally at approximately 28 C. Growth occurred in the presence of up to 6 % (w/v) NaCl. Table 1 .
It is evident from the combination of genotypic and phenotypic proporties that S4702
T can be distinguished from its phylogenetically closest relative S. marinus DSM 41968 T . It shares less than 98.0 % 16S rRNA gene sequence similarity (31 nucleotide differences among 1379 sites), has very low DNA-DNA relatedness (21±3.5 %), and has distinctive phenotypic characteristics such as hydrolysis of allantoin, degradation of Tween 20 and starch, use of cellobiose, Dmannose, L-rhamnose, lactose and maltose as sole carbon sources, and glycine, cysteine, L-arginine and L-threonine as sole nitrogen sources.
It can be concluded that S4702
T represents a novel species of the genus Streptomyces, for which the name Streptomyces ovatisporus sp. nov. is proposed.
Description of Streptomyces ovatisporus sp. nov.
Streptomyces ovatisporus (o.va.ti.spo¢rus. L. adj. ovatus ovate; Gr. n. spora, a seed and, in bacteriology, a spore; N.L. masc. adj. ovatisporus having ovate spores).
Aerobic, Gram-staining-positive, non-motile, non-acidalcohol-fast actinomycete which forms branched substrate hyphae and aerial mycelium that differentiates into spiral or retinaculum-apertum (looped at the top) chains with smooth-surfaced spores (0.5-0.6Â0.9-1.0 µm). Growth occurs at pH 6.0-10, and at 28-37 C, but not at pH 4.0, 5.0, 11.0, 12.0 or at temperatures of 4, 10, 20, 40, 45, 50 and 55 C. Optimum growth occurs on N-Z-amine medium (DSM medium 554) at 28 C and pH 7.2. NaCl is not required for optimum growth. Aesculin, allantoin and arbutin are hydrolysed, but urea is not. Nitrate reduction is negative. ) was isolated from a soil sample collected from the southern Black Sea coast, Samsun, Turkey. The G+C content of the genomic DNA of the type strain is 72.5 mol%.
